To compare the bacterial communities residing in necrotic tissues of columnar cacti of the Sonoran Desert, isolates from 39 organ pipe, 19 saguaro, and 16 senita cacti were obtained. The isolates were clustered into 28 conspecific groups on the basis of their fatty acid profiles. The distributions of the individual bacterial isolates varied among cactus species. Seven of the 28 species groups were unique to a particular cactus species, whereas 8 species groups were found in all three cacti. The effective number of bacterial species for each cactus species was positively correlated with both the chemical complexity and glucose concentration of the plant tissues. The effective number of bacterial species and bacterial distribution patterns were compared with those known for communities of cactophilic yeasts. The observed bacterial distribution patterns are most likely due to differences in the chemical compositions of the three cactus species.
The bacterial communities utilizing the necrotic tissues of columnar cacti are important components of the cactusmicroorganism-Drosophila model system of the Sonoran Desert (2) . Three of the columnar cactus species included in the model system are organ pipe cactus (Stenocereus thurbeni), saguaro cactus (Camegiea gigantea), and senita cactus (Lophocereus schottii). These three sympatric species of cacti represent a favorable habitat for microbes in the midst of the arid desert environment. Injured cactus tissue can be infected by bacteria from the phylloplane or blown in on dust and aerosols. This can result in the development of a cactus rot pocket or necrosis, which cactophilic yeasts can then invade (14) . Necrotic cactus tissues are used as substrates for feeding and breeding by desert-adapted Drosophila species (15) . The four Drosophila species that are endemic to the Sonoran Desert are D. nigrospiracula, D. mojavensis, D. mettlen, and D. pachea. By flying from necrosis to necrosis, drosophilids serve as vectors for bacteria and yeasts (14, 18, 19) . Some of the desert-adapted drosophilids are restricted to a specific cactus; i.e., D. pachea has unique nutritional requirements that limit it to feeding and breeding in necroses of senita cactus. In contrast, D. mettleri can feed in all of the columnar cacti in its domain.
These cactus species are chemically differentiated, especially with respect to secondary plant compounds. For example, organ pipe cacti contain high concentrations (ca. 30%, dry weight) of triterpene glycosides (12) . They also contain fatty acids with unusual chain lengths (16) , predominantly C1o and C12, rather than the more typical plant fatty acid chain lengths of C16 and C18. In contrast, saguaro and senita lack the triterpene glycosides and unusual-chainlength fatty acids but contain isoquinoline alkaloids that are absent in organ pipe (22) . Several of these plant compounds have been shown to affect the microbes that reside in necrotic tissue (13, 30) . Finally, fresh tissue of organ pipe cacti has approximately three times the total carbohydrate content of saguaro or senita tissue.
The characterization of the types and frequencies of bacteria in a community is a difficult task when standard * Corresponding author.
techniques of bacterial identification are employed. This approach to community ecology often requires that each isolate be tested for its reaction to stains and for a multitude of physiological characteristics. The data obtained from these tests can then be subjected to numerical taxonomy for delineation of species clusters. Although this approach has been used successfully by a number of investigators (20, 21, 23) , it does have the disadvantages of being expensive, labor intensive, and time consuming.
Within the past decade, cellular fatty acid profiles have been increasingly used to identify bacterial species (1, 5, 25, 28) . Since the fatty acid profile of a bacterial species, analyzed as fatty acid methyl esters (FAMEs), is unique to that species, FAME analysis is an important identification tool. This is evidenced by the fact that the major fatty acids are included in many of the species descriptions in the ninth edition (1984) of Bergey's Manual of Systematic Bacteriology (24) . However, this technique has not been widely used to characterize bacterial communities from naturally occurring substrates.
The established roles of bacteria in this well-studied model ecological system include initiating the necroses. Bacteria are the first microorganisms to grow in newly injured tissue, and cactophilic yeasts are secondary invaders (14) . In addition, the volatile products of bacterial fermentation of the cactus tissue are thought to be the chemical basis of host plant selection by Drosophila species in the desert system (15) Conspecific grouping by whole-cell FAME profile. The stored isolates were grown overnight at 28°C on TSB agar. They were then streaked on TSB agar (without the fungal inhibitors) and incubated at 28°C for 24 h. Colonies were harvested from the quadrant containing confluent growth and spread on the bottom inside surface of a test tube (13 by 100 mm). The bacterial lipids were saponified at 100°C for 30 min in 15% NaOH dissolved in a 1:1 methanol-water solution. The saponified samples were acidified with 60% HCI in methanol, heated at 80°C for 10 minutes, and then cooled rapidly. The FAMEs were extracted in hexane-ether (1:1) for 10 min and then base washed for 5 min with 1.2% NaOH. The FAMEs in the organic phase were analyzed with a Hewlett-Packard model 5890A gas chromatograph equipped with a capillary column (cross-linked 5% phenyl methyl silicone; 25 m by 0.2 mm with film thickness of 0.33 ,um) and a flame ionization detector. The column conditions were as follows: hydrogen carrier gas at 9 lb (ca. 4 
RESULTS

Conspecific grouping and identification of bacterial isolates.
A dendrogram of the FAME profiles for all of the bacterial isolates from this survey was constructed by cluster analysis. When essentially the same FAME profile was observed for two or more isolates from the same sample, then all but one of those isolates were eliminated as redundant. The 27 isolates that were detected in two or fewer samples were excluded because of their low frequency. The remaining isolates formed 28 conspecific groups on the basis of similarity of FAME profiles. One member of each conspecific group was then identified on the basis of traditional taxonomic methods. The results of the taxonomic tests are summarized in Table 1 . All but 2 of the 28 representative isolates were identified to at least the genus level, and 15 were identified to the species level. The putative identity given in the table represents the closest match to species described in Bergey's Manual of Systematic Bacteriology (24) . As expected, gram-negative species outnumber grampositive species, and a large portion of the isolates are members of the family Enterobacteriaceae. Figure 1 is the dendrogram constructed from fatty acid data and shows the relationships among the 28 isolates identified in Table 1 .
Bacterial distribution patterns. Of the 28 conspecific groups, 20 were detected in the organ pipe necroses, 19 were detected in the saguaro necroses, and 18 were detected in the senita necroses ( 
DISCUSSION
In this study, the fatty acid composition of bacteria was used to construct clusters of conspecific isolates, which were then identified by traditional taxonomic methods. Although the FAME patterns are specific to each bacterial species and a commercial library for identifying bacteria by their FAME pattern exists, this library is not always applicable to environmental isolates for several reasons. First, the commercial libraxy is constructed from FAME analysis of type and stock cultures that are primarily of clinical interest. The commercial library contains few environmental isolates and does not contain any isolates from cactus necroses. Additionally, one of the bacteria most frequently isolated from cactus rots, Erwinia cacticida, was only recently described (1) For microbial ecology studies, the strength of the FAME method is the ability to identify conspecific groups of isolates by clustering analysis. Actual species designations are not necessary to make comparisons as to where and when each bacterial species is detected in different substrates (e.g., cactus species). FAME analyses enable communities to be compared without the time-consuming task of trying to identify each bacterial isolate to the species or even the genus level. Grouping isolates by physiological profile would be prohibitively time consuming as well.
Other investigators have used fatty acid analysis for characterization of whole microbial communities in natural settings. This is possible because many classes of organisms contain unique fatty acids (11) . Measurements of the fatty acids pooled from the whole community provide a basis for estimations of percent bacteria, cyanobacteria, diatoms, and fungi (5, 10) . Fatty acid analyses of communities have been used to document eukaryotic-prokaryotic relationships in benthic communities (5) and shifts in the community compositions of estuarine detrital microbiota (4) .
Fatty acid analyses have also been used to identify individual bacterial species and even subspecies (6). The culture age, pH of growth medium, and carbohydrate source all affect the fatty acid composition of bacteria (9) . However, with standardized culture conditions, fatty acid profiles are a rapid, reproducible method of classifying bacteria (7-9, 27, APPL. ENVIRON. MICROBIOL. ). As such, the major fatty acids are routinely used in the identification of clinical isolates as well as in new descriptions of bacterial species (1, 24) .
In this survey of 74 cactus necroses, cluster analysis of the fatty acid profiles of bacterial isolates resulted in the construction of 28 conspecific groups of bacteria. A comparable number of yeast species (i.e., 26 species) were previously isolated in surveys of cactus necroses (33) . Although the use of 8 Euclidian distance units (Fig. 1) to separate species is somewhat arbitrary, the fact that isolates of the conspecific groups were distinguishable on the basis of other characteristics (e.g., physiological tests) is supportive. It A similar pattern of cactus utilization has been observed with the yeasts surveyed in the same cacti by Starmer and Fogleman (31) . In their survey, 6 of the 24 yeasts were isolated from all three types of cactus necroses. In a review paper, Starmer et al. (33) concluded that differences in host plant chemistry contribute significantly to yeast distribution patterns. For example, Pichia amethionina var. pachycereana was not detected in organ pipe cacti, and this species has been shown to be inhibited by organ pipe triterpene glycosides (31) . They also hypothesized that vectors such as cactophilic Drosophila species may contribute to the yeast distribution patterns.
A number of different factors could contribute to the observed bacterial distribution patterns. One factor could be the availability of specific nutrients in the plant tissues. This conclusion would concur with the positive correlation between ENS and chemical complexity. The greater the variety of compounds (potential nutrients), the greater the variety of bacterial species. In addition to the variety of nutrients, the availability of carbohydrates could influence the number of bacteria capable of utilizing cactus tissue as a substrate. Fogleman and Abril (12) determined the glucose concentrations in fresh cactus tissue to be 3.36, 1.90, and 1.24% (dry weight) for organ pipe, senita, and saguaro, respectively. This, too, shows a positive correlation with bacterial ENS.
Distribution patterns could also be partly explained if certain bacteria were dependent on Drosophila species for transport from plant to plant, since the flies themselves are cactus specific. However, Fogleman and Foster (14) and Foster (17a) demonstrated that bacterial colonization of newly injured agria cactus tissue was not hindered by the exclusion of Drosophila species and other large insect vectors.
Another determining factor for the observed bacterial distribution patterns involves inhibition by plant allelochemicals, which differ among cactus species (22) . Other researchers have determined that cactus allelochemicals do affect cactophilic yeasts. For example, Pichia amethionina var. pachycereana and Pichia opuntiae var. opuntiae have been shown to be inhibited by powdered tissue from organ pipe but not by powdered tissue from senita or saguaro (32) . Additionally, Starmer (30) demonstrated that the growth of five cactophilic yeasts was inhibited by adding sodium salts of two fatty acids (i.e., caproic and caprylic) derived from organ pipe cactus. The effects of such allelochemicals on bacterial species, however, have yet to be tested.
In conclusion, although the organ pipe, senita, and saguaro cacti are sympatric, their necroses do not have the same microbial communities. Because the bacteria have been shown to be independent of drosophilids acting as vectors, the observed bacterial patterns cannot be explained by fly utilization patterns. The distribution patterns may reflect the chemical complexity of the substrates, available carbohydrates, or selective growth inhibition of bacterial species. Plant allelochemicals restrict the growth of some cactophilic yeast species (29, 31) and may restrict the growth of some species of bacteria.
